ABSTRACT. Interaction between acetylcholine receptor-operated potassium channel (K.ACh channel) and GTP binding protein was examined by an immunoprecipitation-Western blotting system in mouse isolated atrium. The carbachol-induced negative inotropic action in indomethacin-pretreated mouse atrium was significantly inhibited by a K.ACh channel blocker, tertiapin or atropine. Kir3
The acetylcholine receptor-operated potassium channel (K.ACh channel) is known to play an important role in repolarization of action potential, maintenance of resting membrane potential [10] and negative inotropic action in atrial myocardium [1] . Many drugs have been reported to produce anti-cholinergic action through inhibition of K.ACh channel current (I K.ACh ) by different molecular mechanisms in atrial myocardium using a patch clamp technique [4-9, 16, 17] . Some drugs may act on muscarinic receptor, while others may act on GTP binding protein (G protein) and/ or K.ACh channel. To clarify the acting points, our group proposed the 50% inhibitory concentration (IC 50 ) ratio, i.e., ratio of IC 50 for carbachol-induced I K.ACh and IC 50 for GTPγS-activated I K.ACh [4, 17] . Although this method can discriminate between muscarinic receptor and G protein and/or K.ACh channel, it cannot discriminate between G protein and K.ACh channel.
Pertussis toxin-sensitive heterotrimeric G proteins are involved in the activation of K.ACh channel by muscarinic and adenosine receptors stimulations [14, 15, 18] . Especially, subunit βγ of the G protein was proposed to mediate the activation of K.ACh channel [13] . The composition of K.ACh channel in cardiac atria is heteromultimer of G protein-coupled inwardly rectifying potassium channel (GIRK) 1 (or Kir3.1) and GIRK4 (or Kir3.4) [2, 12] .
The aim of the present study was to elucidate a new target,
i.e., interaction between G protein and K.ACh channel, for anti-I K.ACh drugs by using immunoprecipitation with K.ACh channel (Kir3.1) and Western blotting of G protein (Gβγ) system in mouse isolated atrium. The present study was conducted in accordance with the Guide for Care and Use of Laboratory Animals as adopted by the Kitasato University. First, actions of tertiapin, a honey bee venom reported as the sole potent K.ACh channel blocker [11] , and a muscarinic antagonist, atropine were confirmed by a functional experiment in mouse isolated atrium. Male ddy strain mice (CLEA, Tokyo, Japan) were used to isolate left atrium under sodium pentobarbital (50 mg/kg i.p.) anesthesia. Isometric contraction of the force in isolated atrium was recorded and monitored as described previously [3] . The left atrium was placed horizontally in a 20-ml organ bath filled with KrebsHenseleit solution: 119 mM NaCl, 4.8 mM KCl, 24.9 mM NaHCO 3 , 1.2 mM KH 2 PO 4 , 1.2 mM MgSO 4 , 2.5 mM CaCl and 10 mM glucose. The solution was gassed with 95% O 2 + 5% CO 2 and maintained at 35 to 36°C. The atrium was driven by rectangular electrical current pulses (field stimulation, 1 Hz, 5 ms, 1.5 times threshold voltage).
In order to eliminate positive inotropic action induced by carbachol, indomethacin (1 µM, 15 min, in vitro)-pretreated mouse atrium was used [3] throughout the experiments. Carbachol 3 µM induced negative inotropic action (Fig. 1) . The nadir of the negative inotropism was observed within 5 min after the carbachol treatment. The carbachol-induced negative inotropic action was significantly inhibited by pretreatment (15 min) with tertiapin (100 nM, Peptide Institute, Osaka, Japan) and atropine (100 nM) (Fig. 1) . Antagonistic actions of both tertiapin and atropine on muscarinic stimulation were thus confirmed in mouse atrium.
Next [20] was performed to quantify coprecipitating Gβ with Kir3.1. The sample was separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane (Pall Corporation, Ann Arbor, MI, U. S. A.). The membranes were incubated with a primary antibody (rabbit anti-Gβ, 1:500 dilution, Santa Cruz Biotechnology) at 4°C overnight. Membrane-bound antibodies were visualized by using peroxidase-conjugated secondary antibody (1:10,000 dilution, 1 hr) and EZ-ECL system (Biological Industries Israel Beit Haemk Ltd., Kibbutz Beit Haemk, Israel). Equal loading of protein was confirmed by measuring Kir3.1 expression (1:200 dilution). The resulting bands were analyzed by CS Analyzer 3.0 software (ATTO, Tokyo, Japan).
Coprecipitating Gβ with Kir3.1 was significantly augmented by carbachol 3 µM. Atropine 100 nM, but not tertiapin 100 nM, significantly inhibited it (Fig. 2) .
Gβγ binds to intracellular Gβγ-binding domain of K.ACh channel [19] to produce I K.ACh . Carbachol produced interaction between Gβγ and K.ACh channel through muscarinic receptor-dependent mechanism. Because atropine suppressed muscarinic stimulation at muscarinic receptor level, coprecipitating Gβ with Kir3.1 induced by carbachol was diminished. On the other hand, tertiapin binds to pore region, especially M1-M2 linker region, of Kir3.1 and Kir3.4 [21] , resulting in suppression of K.ACh channel. So, tertiapin did not affect the interaction between Gβ and Kir3.1 induced by carbachol. In the present study, we did not examine the interaction between Gβ and Kir3.4. K.ACh channel is composed of 4 subunits, two Kir3.1 and two Kir3.4. One Gβγ may bind to one subunit, which leads to K.ACh channel opening. Thus, stoichiometry of the binding between G-protein and K.ACh channel is one to one [19] . Therefore, it is assumed that interaction between Kir3.4 and Gβ protein was similar to that between Kir3.1 and Gβ protein.
Two prototypes of drugs, tertiapin and atropine, both of which suppressed carbachol-induced negative inotropic action in a functional study, were discriminated depending on their own mechanisms in the present experiment. Thus, it is proposed that immunoprecipitaion with Kir3.1 and Western blotting of Gβ system is a useful method for assessing interaction between G protein and K.ACh channel in mouse atrial preparation. Further examinations are needed to establish the current method using other kinds of drugs [4-9, 16, 17] which have anti-cholinergic effects by different molecular mechanisms in atrial myocardium. 
